1. Introduction
===============

Substance abuse, particularly with opioids and opium, has long been a health and social challenge the world over, especially in Iran ([@b1-epj-08-2998]--[@b3-epj-08-2998]). There has been a threefold rise in rates pertaining to narcotics use over the past two decades. Patients undergoing bypass surgery seem to have been misled by the prevailing fallacy that opium use contributes to their overall health and recovery ([@b1-epj-08-2998]). This has led to an overall consumption rate of 9% to 15.6% among this category of patients ([@b4-epj-08-2998]--[@b7-epj-08-2998]). Opium use, on the other hand, can partially raise tolerance to anesthetics, with addicts requiring higher doses of drugs during surgery ([@b8-epj-08-2998], [@b9-epj-08-2998]). One particular operation, which makes it highly likely for patients to experience awareness and consciousness throughout the procedure, is coronary bypass surgery. It is thus recommended that the anesthetist in charge should keep a close eye on BIS scores to prevent this state ([@b10-epj-08-2998], [@b11-epj-08-2998]). Bispectral index (BIS) is one of several technologies used to monitor the depth of anesthesia. It is chiefly determined by a number of parameters, namely, body temperature and narcotics use. Every 1 °C drop can cause a reduction of 1.12 BIS score ([@b12-epj-08-2998]). Nevertheless, severe hypothermia (15--28 °C) has been proven to play havoc with this index, thus moderate hypothermia (28--34 °C) is preferred in this state ([@b13-epj-08-2998]). It also has been shown to be prior to mild hypothermia (34--36 °C), which raises the doses of anesthetics. BIS indices are also shown to be more accurate when anesthesia is combined with mild to moderate analgesia. In this case, if BIS is applied along with large opioid doses, the use of a hypnotic may be required as well to prevent awareness ([@b14-epj-08-2998]). Infusions of fentanyl, alfentanil, remifentanil, and sufentanil can induce anesthesia at lower doses of propofol, whereas BIS indices appear higher as opioids can exert slight eletrophysiologic alterations on the cortex undetected by EEG ([@b15-epj-08-2998], [@b16-epj-08-2998]). All this is indicative of the fact that propofol anesthetic effects are augmented in cases of opioid use, which remain undetected by BIS. Thus, it is incumbent on the part of the anesthetist to practice care and caution to avoid propofol overdose besides BIS monitoring during general anesthesia ([@b17-epj-08-2998]). Opium addicts also are prone to present with awareness and consciousness during surgery ([@b18-epj-08-2998]). Given the growingly high prevalence of opium use among patients undergoing CABG and the fact that the already affected required dose of anesthetic drugs also are at the mercy of body temperature, we intended to determine the effect of moderate hypothermia on the depth of anesthesia in patients with opium addiction undergoing CABG.

2. Material and Methods
=======================

2.1. Research design and setting
--------------------------------

This double-blind random clinical trial was conducted on opium-addicted patients having to undergo first-time coronary artery bypass grafting (CABG) surgery in Qaem Hospital, Cardiovascular Surgery Mashhad, Iran, during September 2014 to January 2016.

2.2. Participants
-----------------

Patients were included if their opium use and addiction were confirmed based on DSM-IV criteria ([@b19-epj-08-2998]). In accordance with DSM-IV criteria, an individual was categorized as a dependent when recurring difficulties arose throughout a 1-year period in pertinent areas, namely, functioning, using greater amounts of opiates than intended, besides continuing to use them despite the negative consequences ([@b20-epj-08-2998]). All patients reported constant habitual use of opium over a 1-year period. Abusers were not contained in this study. The following patients were excluded: 1) those who had undergone CABG and general anesthesia; 2) those with the history of non-opiate substance use, alcohol; and sedatives; 3) those with a psychotic condition; 4) those classified above ASA (the American Society of Anesthesiologists) class III.

2.3. Sample size
----------------

We estimated a sample size of 35 in each group using an α value of 0.05 with a power of 90% and possible 20% follow-up loss via sample size formula based on comparing two means. *N* = (Z~1−α/2~ +Z~1−β/2~)^2^ x Ϭ21+ Ϭ22 / d^2^ = 35 per each group.

2.4. Randomization and blinding
-------------------------------

Computer-generated randomization was conducted by a university statistician. These patients, male and female, all aged between 30--75 class II and III based on ASA and were subsequently divided into two 40-member groups to which they were blind using codes. The patient was not aware of the type of intervention being used.

2.5. Interventions
------------------

The selected patients were given opium at the regular dose as before throughout the pre-operative phase. An arterial blood sample also was taken as surgery commenced. Pre-operative medications were continued until the day of surgery, with the exception of angiotensin-converting-enzyme inhibitors. Anesthesia was induced by injecting an intravenous cocktail of titrated midazolam (5 mg), fentanyl (7--10 μg.kg^−1^), propofol (1 mg.kg^−1^), and atracurium (0.6 mg.kg^−1^) following the placement of BIS (Covidien Boulder, CO, USA). Afterward, it was maintained with propofol (50 mg.kg^−1^.min^−1^), fentanyl (1--2 μg.kg^−1^.hr^−1^), and atrecurium (0.01 mg.kg^−1^.min^−1^). Routine monitoring included two-channel electrocardiogram (II and V5), radial artery pressure, pulse oximetry, central venous pressure, esophageal temperature, and capnography and BIS. Group H underwent CABG under moderate hypothermia (28--34 °C) as opposed to group N, which experienced normothermia, both by pump and their hearts beating during the procedure ([Figure 1](#f1-epj-08-2998){ref-type="fig"}). If body temperature fell below 36°C in the normothermic group, the rewarming occurred. In the case of temperatures greater than 38°C, cooling blankets were applied. More to the point, both groups were comparable in terms of the intraoperative anesthetic procedure, and the postoperative sedation, analgesia, and intensive care unit (ICU) discharge protocols. Patients were all intubated with an esophageal tube, and an esophageal thermometer was placed for further monitoring. A CV line also was placed on the right inter-jugular vein. The above-mentioned cocktail was administered, with the anesthetist recording the depth of anesthesia all throughout the procedure. A BIS score of 40--60 was maintained in every stage in both normothermic and hypothermic groups. In the latter category, body temperature was gradually reduced to 30 °C following aortic cannulation and beginning of cardiopulmonary bypass (CPB) by cooling blankets. In case BIS exceeded 60, an additional dose of opioid (fentanyl 50--100 μg) and propofol (20% in excess of the maintenance dose) was administered. Muscle relaxants also were used. Patients were monitored for blood pressure rise and tear-shedding. The target mean arterial pressure (MAP) was 70--90 mm Hg and 50--60 mmHg prior to and during artificial pumping, respectively. In case of drastic alteration of MAP exceeding 20 mm Hg, vasodilators and vasopressors were applied.

2.6. Outcomes
-------------

We recorded all the pertinent amounts throughout the operation and extubation time in both groups. In order to evaluate the depth of anesthesia, we also applied two questionnaires used in former research, besides the checklist, to be filled by anesthetist ([@b9-epj-08-2998], [@b18-epj-08-2998], [@b21-epj-08-2998], [@b22-epj-08-2998]). They are intended for enhancing the accuracy of the data obtained; in doing so, we preferred a colleague, who was neither aware of our study nor was involved with the anesthetic procedures during the operation, to help with open-ended questions 24 hours following extubation when patients are less likely to be uncooperative. Questions were read out to patients in order. Subjects were initially asked if they remember the last thing before, the first thing after surgery, or anything in between and whether they were dreaming during surgery. A negative answer to these questions meant the termination of the interview, an indication of lack of awareness or consciousness during the intervention, whereas a positive answer ensued enquiries pertaining to the details of the experience in the subjects' own words, their perceptive patterns, audio-visual, tactile, sensory experiences such as pain and paralysis, state of panic, frustration, fright, weakness, vulnerability and so forth, and whether they made any attempt, no matter how feeble, to draw others' attention to their condition. All replies were duly noted and recorded.

2.7. Research ethics
--------------------

The study was approved and authorized by the Committee of Medical Ethics, Mashhad University of Medical Sciences (Code: 920405). All patients gave their consent in writing following being enlightened on the objectives and method of the study, and they were free to participate or withdraw. We performed all our procedures under supervision of a scientific committee who were experts in the field of cardiac surgery and anesthesiology; thus we were responsible for any consequences of the patient's procedures; further, no harmful consequences were observed.

2.8. Statistical methods
------------------------

In analysis, we conducted both descriptive and analytical processes, applying SPSS v.18 (SPSS Inc., Chicago, IL, USA), independent-samples t-test, and chi-square test. A *p*-value of 0.05 was considered highly significant. Given the normal distribution of our data, we decided to use parametric tests.

3. Results
==========

3.1. Baseline characteristics
-----------------------------

Eighty patients were studied in two groups of normothermic (N) (n = 40) and hypothermic (H) (n = 40). The average age was 56.36±8.41 years (minimum 42 and maximum 70). Demographic information regarding the study groups is presented in [Table I](#t1-epj-08-2998){ref-type="table"}. Both groups were homogenous in terms of age (p=0.284), gender (p=0.745), weight (p=0.868), and surgery duration (p=0.072) ([Table 1](#t1-epj-08-2998){ref-type="table"}).

3.2. Outcomes
-------------

The average dose of 1% propofol used in all two groups was measured 106.76±14.59 cc (group H: 101.28±14.06 cc and group N: 122.52±13.11 cc) (p=0.001), whereas that of fentanyl was reported to be 35.66±15.85 cc in quantity (group H: 31.72±5.81 cc and group N 39.60±21.04 cc) (p=0.025). There was a significant difference in the need for anesthetic drugs between both groups ([Table 2](#t2-epj-08-2998){ref-type="table"}). Besides, the result of the post-operative interview revealed that there was no report of a patient with memory of the surgery.

4. Discussion
=============

Hypothermia has long been hailed as an adjunct protective measure in cardiac surgery anesthesia, with known multisystem benefits. Research has shown that adults seem to be susceptible for intraoperative awareness during general anesthesia, namely, throughout cesarean delivery, cardiopulmonary bypass, and surgery for major trauma ([@b23-epj-08-2998]). Furthermore, it was reported that higher ASA physical status, neuromuscular blocking drugs, small doses of the primary anesthetic, and opium addiction have augmented the incidence rate of awareness ([@b23-epj-08-2998]--[@b25-epj-08-2998]). Of note, opium addiction in patients undergoing CABG also has been associated with excessive postoperative bleeding, long-term healthcare resource utilization as well as re-hospitalization ([@b23-epj-08-2998], [@b26-epj-08-2998], [@b27-epj-08-2998]). A considerable number of scholars have regarded hypothermia as a means of reducing the need for anesthetic drugs during such operations. Kim and Joo investigated the effects of mild intraoperative hypothermia and core normothermia on anesthetic drugs (namely, propofol and isoflurane) pharmacology and recovery profile to set BIS 40--60 in patients undergoing endoscopic sinus surgery. The authors reported that more drug requirements had been observed in propofol anesthesia in subjects who underwent mild hypothermia. Nevertheless, the recovery time was similar in all four groups ([@b28-epj-08-2998]). Our findings revealed that, in order to achieve a BIS score of between 40 to 60, higher doses of both propofol and fentanyl were needed in group N (normothermics) than group H (hypothermics). None of the patients in either group H or N could recall anything pertaining to the surgery (negative answer to the first three questions). In a study conducted by Honan et al., there had been a random comparison between 30 patients experiencing mild (14 subjects) and moderate (16 subjects) hypothermia during their bypass surgery, with the former having presented with lower BIS indices ([@b28-epj-08-2998]). Another study by Dewandre et al. showed consistency in BIS scales following a drastic drop during induction in 10 moderately hypothermic patients having undergone CABG irrespective of surgical stimuli ([@b30-epj-08-2998]). That was in contrast with Honan's and ours, indicating the need for drug adjustment when hypothermia is induced. Chandran et al. investigated the minimum required dose of sevoflurane so as to maintain a target BIS of 40--50 during CABG under moderate hypothermic conditions. The need for sevoflurane increased drastically and predictably as rewarming was taking place so that BIS could be maintained at the desired level ([@b31-epj-08-2998]). This was consistent with our findings regarding the greater needed dose of fentanyl and propofol. Schmidlin et al. analyzed EEGs taken from hypothermic (n=14) and normothermic (n=14) patients undergoing CABG so as to monitor their sedation level. Mean BIS was shown to be significantly less in subjects experiencing hypothermia in comparison with normothermic counterparts (41 as opposed to 49). There are still controversies as to whether this can be attributed to brain cooling or owing pharmacodynamic alterations, which can raise propofol concentration ([@b32-epj-08-2998]). Mathew et al. also corroborated that brain function and, thus, the need for anesthetic decline when cooling takes place. In their research, a total of 100 patients were monitored under hypothermia, with the final analysis reporting a 1.12 score reduction in BIS for every 1°C drop in temperature ([@b12-epj-08-2998]). The authors conducted another study in 2009, which aimed at determining the required dose of propofol in hypothermic (28--30°C) and normothermic patients (35--37°C) having undergone elective CABG. Their target BIS score was 50±10 ([@b33-epj-08-2998]). Their findings were akin to ours, indicating that hypothermia decreased the need for propofol without any adverse impact on the depth anesthesia, as no subject had any recall of surgery. The study was different from ours in that we determined addicts and applied fentanyl as well.

5. Limitations
==============

As for the limitation of the study, several studies have doubted the effectiveness of BIS monitoring during CPB. Puri and Murthy reported BIS guidance to be of utmost assistance for reducing hemodynamic instability rates and for enhancing anesthetic agents' titration. Nevertheless, there have been great disparities in BIS values in patients under CPB ([@b34-epj-08-2998], [@b35-epj-08-2998]). Schmidlin et al. also detected large BIS variations, which often were within the range of awake indices during normothermic CPB. Similarly, the effectiveness of BIS monitoring was reported to be questioned during cardiac surgery in infants ([@b32-epj-08-2998]). Despite this limitation, our work laid the ground for further investigation on the effects of opium addiction on anesthetics for patients undergoing cardiac surgery.

6. Conclusions
==============

The findings revealed that hypothermia can significantly reduce the need for propofol and fentanyl to achieve a desirable BIS during CABG in patients addicted to opium who otherwise require greater doses of anesthetics. There also were no reports on post-operative recall of the patients.
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###### 

Baseline characteristics of the study's participants

  Baseline Variables                      Normothermic Group (*n* = 40)   Hypothermic Group (*n* = 40)   Total(*n* = 80)   *p*-value
  --------------------------------------- ------------------------------- ------------------------------ ----------------- -----------
  Age, year (mean±SD)                     55.35±8.57                      57.38±8.22                     56.36±8.41        0.284
  Gender (male:female)                    34:6                            35:5                           69:11             0.745
  Weight, Kg (mean±SD)                    73.18±14.25                     73.70±13.87                    73.44±13.98       0.868
  Duration of surgery, minute (mean±SD)   200.00±17.32                    166.43±28.45                   173.68±26.92      0.072

###### 

Primary outcome between study groups

  Used anesthetic drugs    Normothermic Group (*n* = 40)   Hypothermic Group (*n* = 40)   Total(*n* = 80)   *p*-value
  ------------------------ ------------------------------- ------------------------------ ----------------- -----------
  Propofol, cc (mean±SD)   122.52±13.11                    101.28±14.06                   106.76±14.59      0.001
  Fentanyl, cc (mean±SD)   39.60±21.04                     31.72±5.81                     35.66±15.85       0.025
